10 A systematic investigation on the microstructure and thermoelectric properties of Al-doped ZnO 11 using α-and γ-Al 2 O 3 as dopants was conducted in order to understand the doping effect and its 12 mechanism. The samples were prepared by the spark plasma sintering technique from precursors 
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The relative density of the bulk sintered ZnO samples doped with α/γ-Al 2 O 3 83 was found to be all above 95% regardless of the calcination temperature. X-ray 84 diffraction analysis for these samples showed that most of the observed XRD 85 peaks (see Fig. 1a ) are assigned to those of pure ZnO phase (ICDD card PDF#36-86 1451). It also reveals in the inset of where W is the weight fraction of the reacted Al 2 O 3 , k p is the practical parabolic 211 rate constant, t is the reaction time and r o is the particle size of Al 2 O 3 powder. The 212 practical parabolic rate constant k p follows the Arrhenius law: 213
where A is pre-exponential factor (a term which includes factors like the 215 frequency of collisions and their orientation), E a is the activation energy, R is the 216 gas constant, T is temperature. By combining Eq. 5 and Eq. 6, one can obtain: 217 
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The inset shows the electrical conductivity at 1173 K as a function of the calcination temperature. 
346
The inset shows the thermal conductivity at 1173 K as a function of the calcination temperature. 
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